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(54) METHOD FOR FORMING COATING FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a coating film which exhibits 
hydrophilicity from the beginning when a film is formed and, simultaneously, excels in water 
resistance and exhibits sufficient abrasion resistance even under severe conditions such as 
exposure to hot water. 

SOLUTION: This method of forming a coating film comprises coating a coating composition 
comprising (A) a tetrafunctional alkoxysilane represented by the formula: Si (OR) or its partial 
hydrolyzate, (B) an inorganic filler, and (C) a tri-or di-functional alkoxysilane represented by 
the formula: R1(CH3)mSi(0 R2) at a weight ratio in terms of solids content of component (B) to 
the sum of components (A) and (B) of 0.1-3.0 on a substrate and curing the coated film at a 
baking temperature of 250-350° C to form a film. 
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[Claim(s)] 

[Claim 1] The formation approach of the coating film which contains (A), (following B), and 
following (C) component, paints the coating constituent the range of whose weight ratio 
(B/A+C) of the (B) component is 0.1-3.0 in solid content conversion to a base material to the 
silicone resin which consists of a polymerization object of this (A) component and the (C) 
component, hardens burning temperature in 250-350 degrees C, and forms the film. 
(A) Component : general formula Si 4 (OR) (1) 

4 organic-functions alkoxysilane expressed with (the same or univalent hydrocarbon group of a 
different kind is shown by the inside R of a formula) or its partial hydrolysate, a (B) 
component:(C) component: It is general formula Rl m Si(CH3) (OR2)3-m. (2) [ an inorganic 
filler and ] 

They are three organic functions expressed with (as for the inside Rl of a formula the alkyl 
group of CH2 OCHCH 20(CH2) 3 and the carbon numbers 1-8 the same [ R2 ] or of a different 
kind is shown, and m shows 0 or 1), or 2 organic-functions alkoxysilane. 

[Claim 2] The formation approach of the coating film according to claim 1 characterized by the 

inorganic filler which is the above-mentioned (B) component being a silica. 

[Claim 3] The formation approach of the coating film according to claim 1 characterized by the 

inorganic filler which is the above-mentioned (B) component being an optical semi-conductor. 

[Claim 4] claim 1 to which the above-mentioned (C) component is characterized by being the 

range of 1 - 50 weight section by solid content conversion to the total quantity 100 weight 

section of the (A) component, the (B) component, and the (C) component thru/or claim 3 ~ 

either — the formation approach of the coating film a publication. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention paints the coating constituent containing silicon resin and 
an inorganic filler to a base material, and relates to the formation approach of the coating film 
which forms the coating film which has a hydrophilic property from the time of film production. 
[0002] 

[Description of the Prior Art] What contained the optical semi-conductor in silicone resin is 
known as a coating constituent which forms from the former the coating film which has a 
hydrophilic property (WO 96/No. 29375 official report). If ultraviolet rays are irradiated by the 
front face of the coating film which has an optical semi-conductor, by disassembling and 
removing the organic substance which crawls water in a photocatalyst operation of an optical 
semi-conductor, the above-mentioned coating film will fall the contact angle of the water to the 
front face of the coating film, and will acquire the effectiveness that the hydrophilic property of 
becoming easy to get wet in water improves. From the effectiveness that this hydrophilic 



property miproves, as for the above-mentioned coating film, the antifog effectiveness that 
nether glass nor a mirror can bloom cloudy with waterdrop easily, and the antifouling 
effectiveness that adhering dirt flows with storm sewage are expected in the outdoor member 
[0003] On the other hand, the coating constituent containing silicone resin and an inorganic 
filler is known. Although there was a thing of one to 4 organic functions in the above-mentioned 
silicone resin, when the silicone resin of one to 3 organic functions was used, since a blemish 
tended to be attached when a front face becomes dirty or a front face is polished in order to fall 
the antrfouhng property, the surface hardness, and the wear-resistant function of the coating film 
obtamed needed cautions of not attaching a blemish for formation of a paint film. Inside, when 
usmg a glass base material as a base material, there is a possibility that worth of goods may 
reduce by half a part of front face of glass if a blemish is attached. Therefore, the surface 
hardness of the coating film and wear-resistant improvement are desired. Then, this invention 
person has proposed previously what consists of 4 organic-functions silicone resin in 90% of the 
weight or more of silicone resin in the coating which comes to contain a filler in the inorganic 
coatmg which uses silicone resin as a principal component for the purpose of the surface 
hardness of the coating film, and wear-resistant improvement (Japanese Patent Application No 
No. 292537 [ ten to ] etc.). 
[0004] 

[Problem(s) to be Solved by the Invention] Since the coating film which has the 
above-mentioned optical semi-conductor requires a certain amount of time amount after 
ultraviolet rays are irradiated before a photocatalyst operation is demonstrated, as for time 
amount until the effectiveness of a photocatalyst operation is demonstrated, a hydrophilic 
property is not acquired after film production. Moreover, since it did not become a hydrophilic 
property easily, it was hard to use it indoor [ where ultraviolet rays do not hit ] 
[0005] In the waterproof trial of putting under a severe condition (for example, warm water) for 
a long time, the coating film which, on the other hand, applied 4 organic-functions silicone resin 
and 90 % of the weight or more in the inorganic coatings made into 4 organic-functions silicone 
resin cannot say that surface hardness is not necessarily enough, but has a possibility that the 
reinforcement of the coating film may fall. 

[0006] It excels in a water resisting property, and even if put on the bottom of a severe condition 
such as putting to warm water, the place which this invention was made in view of the' 
above-mentioned situation, and is made into the purpose is to offer the formation approach of 
the coatmg film of demonstrating sufficient abrasion resistance, while demonstrating a 
hydrophilic property from the time of film production. 
[0007] 

[Means for Solving the Problem] The formation approach of the coating film according to claim 



1 As opposed to the silicone resin which contains (A), (following B), and following (C) 
component, and consists of a polymerization object of this (A) component and the (C) 
component the weight ratio (B/A+C) of the (B) component by solid content conversion The 
formation approach of the coating film which paints the coating constituent which is the range 
of 0.1-3.0 to a base material, hardens burning temperature in 250-350 degrees C, and forms the 
film. 

(A) Component : general formula Si 4 (OR) (1) 

4 organic-functions alkoxysilane expressed with (the same or univalent hydrocarbon group of a 
different kind is shown by the inside R of a formula) or its partial hydrolysate, a (B) 
component:(C) component: It is general formula Rl m Si(CH3) (OR2)3-m. (2) [ an inorganic 
filler and ] 

They are three organic functions expressed with (as for the inside Rl of a formula the alkyl 
group of CH2 OCHCH 20(CH2) 3 and the carbon numbers 1-8 the same [ R2 ] or of a different 
kind is shown, and m shows 0 or 1), or 2 organic-functions alkoxysilane. 

[0008] this invention person performed the header and the proposal for a water resisting 
property and abrasion resistance being maintained, when the alkoxysilane which has the specific 
structure expression of a reaction type was previously blended with the silicone resin of four 
organic functions (Japanese Patent Application No. No. 236823 [ 11 to ]). Furthermore, he used 
to come to complete a header and this invention for a water resisting property and abrasion 
resistance being maintained while he will demonstrate a hydrophilic property from the time of 
film production, if this invention person uses together the alkoxysilane which has a specific 
structure expression among the above-mentioned alkoxysilane in the constituent which blended 
the inorganic filler with 4 organic-functions alkoxysilane or its partial hydrolysate at a specific 
rate as a result of repeating research wholeheartedly, in order to attain the above-mentioned 
purpose and calcinates in a specific temperature requirement. 

[0009] Thereby, since the (C) component has OR radical of a reaction type, and it will react 
with the (A) component and will be fixed in a paint film, a waterproof function is added. (A) A 
component and the (B) component are Rl of specification [ the (C) component ] while 
demonstrating surface hardness and abrasion resistance. It has, and while demonstrating a 
hydrophilic property from the time of film production as burning temperature is the 
above-mentioned range, a water resisting property is given. 

[0010] In addition, the contact angle of water as used in the field of this invention observes it 
with an expansion camera, after fitness trickles 0.2 cc distilled water on the surface of the film, 
and a contact angle says the thing of 30 or less degrees. 

[0011] The formation approach of the coating film according to claim 2 is characterized by the 
inorganic filler which is the above-mentioned (B) component being a silica in formation of the 



coating film according to claim 1. By the above, dispersibility to the partial hydrolysis product 
of the above-mentioned 4 organic-functions alkoxysilane of a coating constituent is made good. 
[0012] The formation approach of the coating film according to claim 3 is characterized by the 
inorganic filler which is the above-mentioned (B) component being an optical semi-conductor in 
formation of the coating film according to claim 1. Since a photocatalyst operation is given to 
the coating film and the hydrophilic property by photocatalyst operation will be demonstrated 
by this if a certain amount of time amount passes since film production under the environment 
where ultraviolet rays are irradiated, the coating film which demonstrates a hydrophilic property 
over a long period of time can be formed. 

[0013] the formation approach of the coating film according to claim 4 - claim 1 thru/or a claim 
- 3 either, in formation of the coating film of a publication, the above-mentioned (C) 
components are solid content conversion, and are characterized by being the range of 1 - 50 
weight section to the total quantity 100 weight section of the (A) component, the (B) component, 
and the (C) component. The water resisting property of the coating film formed as the range of 
the above-mentioned (C) component is 1 - 50 weight section, and the degree of hardness of the 
coating film which the water resisting property under a severe condition, such as putting 
especially to warm water for a long time, was excellent in, and formed are excellent. 
[0014] 

[Embodiment of the Invention] The coating constituent used by the formation approach of this 
invention makes an indispensable component 4 organic-functions alkoxysilane expressed with 
the above-mentioned general formula (1), or its partial hydrolysate as a (A) component. The 
above-mentioned (A) component is used as binder resin and a film formation component. 
[0015] The above-mentioned 4 organic-functions alkoxysilane is expressed with the 
above-mentioned general formula (1). R in this general formula (1) shows the same or univalent 
hydrocarbon group of a different kind, and the univalent hydrocarbon group of carbon numbers 
1-8 is suitable from the point of the ease of acquisition, the ease of preparing of a coating, etc. 
especially. As this univalent hydrocarbon group, alkyl groups, such as a methyl group, an ethyl 
group, a propyl group, butyl, a pentyl radical, a hexyl group, a heptyl radical, and an octyl 
radical, are mentioned, for example. Among the above-mentioned alkyl groups, about a with a 
carbon numbers of three or more thing, you may be a straight chain-like thing like n-propyl 
group and n-butyl, and may have branching like an isopropyl group, an isobutyl radical, and 
t-butyl. 

[0016] As an example of the above-mentioned 4 organic-functions alkoxysilane, 
tetra-alkoxysilane, such as a tetramethoxy silane, a tetra-ethoxy silane, tetra-n-propoxysilane, 
tetra-isopropoxysilane, and tetra-t-butoxysilane, is mentioned, for example. 
[0017] Only one sort may be used for the above-mentioned 4 organic-functions alkoxysilane, 



and it may use two or more sorts together. (A) The polymer of 4 organic-functions alkoxysilane 
also added the water and the acid catalyst as a curing agent to 4 organic-functions alkoxysilane, 
and the component could make partial hydrolysis perform [ polymer ]. 

[0018] Especially limitation is not carried out for the amount of the water used in case partial 
hydrolysis of the above-mentioned 4 organic-functions alkoxysilane is carried out. Moreover, 
the acid catalyst used in case the above-mentioned 4 organic-functions alkoxysilane carries out 
partial hydrolysis Although especially limitation is not carried out, for example An acetic acid, a 
chloroacetic acid, a citric acid, a benzoic acid, A dimethyl malonic acid, formic acid, a propionic 
acid, a glutaric acid, a glycolic acid, acid sol-like fillers, such as inorganic acids, such as organic 
acids, such as a maleic acid, a malonic acid, toluenesulfonic acid, and oxalic acid, a 
, hydrochloric acid, a nitric acid, and a halogenation silane, acid colloidal silica, and an acid 
titanium sol, etc. mention — having — these — one sort — or two or more sorts can be used. 
Moreover, in case [ above-mentioned ] partial hydrolysis is carried out, you may warm at 
40-100 degrees C if needed. Moreover, in case [ above-mentioned ] partial hydrolysis is carried 
out, you may dilute with a solvent. As this solvent, hydrophilic organic solvents, such as 
ethylene glycol derivatives, such as low-grade fatty alcohol, such as a methanol, ethanol, 
isopropanol, n-butanol, and isobutanol, ethylene glycol, and ethylene glycol monobutyl ether, 
are mentioned, and it uses together with these hydrophilic-properties organic solvent, for 
example, and toluene, a xylene, a hexane, heptane ethyl acetate, butyl acetate, a methyl ethyl 
ketone, methyl isobutyl ketone, methylethyl ketoxime, etc. can be used. When the 
above-mentioned 4 organic-functions alkoxysilane carries out partial hydrolysis, as for a partial 
hydrolysis product, it is desirable to prepare in the range of 500-3000 with polystyrene 
equivalent weight average molecular weight (Mw). It is difficult for the coating film to maintain 
sufficient abrasion resistance, when the above-mentioned weight average molecular weight is 
less than 500, and when the above-mentioned weight average molecular weight exceeds 3000, it 
is easy to gel and there is a possibility that the storage stability of a coating constituent may fall. 
[0019] The above-mentioned coating constituent makes an inorganic filler an indispensable 
component as a (B) component. As the above-mentioned inorganic filler, a silica and an optical 
semi-conductor are mentioned, for example. Solvent resistance, acid resistance of a silica, etc. 
are good, and are especially desirable from the point of the dispersibility to the partial 
hydrolysis product of the above-mentioned 4 organic-functions alkoxysilane. Only one sort may 
be used for a filler and it may use two or more sorts together. 

[0020] Fine particles or colloidal silica is sufficient as the above-mentioned silica, and the thing 
of the organic solvent dispersibility of non-drainage systems, such as water-dispersion or 
alcohol, is sufficient as this colloidal silica. Solid content is 20 - 50 % of the weight, and 
colloidal silica can determine the amount of silicas from this value. Moreover, when using 




water-dispersion colloidal silica, it can use as a water component of the above-mentioned 
hydrolysis of water, moreover, in the silica sol of organic solvent dispersibility, a methanol, 
ethanol, isopropanol, n-butanol, the isobutanol of the class of this organic solvent, etc. are 
low-grade - derivative [ of diethylene glycols such as ethylene glycol derivative; diethylene 
glycols, such as fatty alcohol; ethylene glycol, ethylene glycol monobutyl ether, and acetic-acid 
ethylene glycol monoethyl ether, and the diethylene-glycol monobutyl ether, ];, acetone alcohol, 
etc. can be mentioned, and one sort or two sorts or more of things which consist of these can be 
used. Moreover, it can use together with the above-mentioned organic solvent, and toluene, a 
xylene, ethyl acetate, butyl acetate, a methyl ethyl ketone, methyl isobutyl ketone, methylethyl 
ketoxime, etc. can be used. 

[0021] The above-mentioned optical semi-conductor is used in order to give light catalytic 
ability to a paint film. Since the hydrophilic property by photocatalyst operation is given to the 
coating film formed when a certain amount of time amount had passed since film production 
under the environment where ultraviolet rays will be irradiated if the above-mentioned optical 
semi-conductor is contained, and a hydrophilic property can be demonstrated over a long period 
of time, it is desirable. As an optical semi-conductor, metallic oxides, such as titanium oxide, a 
zinc oxide, tin oxide, and a zirconium dioxide, strontium titanate, etc. are mentioned, for 
example. Especially, titanium oxide is desirable in respect of light catalytic ability and the ease 
of acquisition, and anatase mold titanium oxide has desirable crystallinity at the point which 
light catalytic ability is high and is discovered for a short time. Only one sort may be merged 
and used for an optical semi-conductor for two or more sorts. 

[0022] The above-mentioned optical semi-conductor of generating active oxygen is well-known 
if the light (ultraviolet rays) of excitation wavelength (for example, 400nm) is irradiated (light 
catalytic). Since active oxygen can oxidize and can make the organic substance disassemble, it 
can acquire the self cleaning effectiveness which decomposes the carbon system dirt component 
adhering to a paint article, the deodorization effectiveness which decomposes the offensive odor 
component represented by an amine compound and the aldehyde compound, the antibacterial 
effectiveness which prevents generating of the bacillus component represented by Escherichia 
coli and Staphylococcus aureus, the mildewproofing effectiveness, etc. using the property. 
Moreover, if ultraviolet rays hit the coating film containing an optical semi-conductor, the 
hydrophilic property (wettability) of the coating film to water will improve further by carrying 
out decomposition removal of the dirt with which the optical semi-conductor formed water into 
the hydroxylation radical in that photocatalyst operation, and this hydroxylation radical adhered 
to the coating film, such as the organic substance which crawls water. For this reason, the 
coating film containing an optical semi-conductor is effective in maintaining the antifog 
effectiveness that neither glass nor a mirror can bloom cloudy with waterdrop easily, and the 




antifouling effectiveness that adhering dirt flows with storm sewage for a long period of time in 
an outdoor member. 

[0023] As long as distribution in powder, particle powder, solution distribution sol particles, and 
a coating-material constituent is possible for a filler usable to the coating-material constituent of 
this invention, the thing of what kind of gestalt is sufficient as it. If fillers have the shape of a sol, 
and the shape of a with a pH of seven or less sol, it progresses for a short time, and hardening is 
especially, more excellent in convenience, when using it. 

[0024] As a dispersion medium for distributing a filler in a coating-material constituent, 
especially if homogeneity can be made to distribute a filler, it will not be limited, but which 
solvent of a drainage system and a non-drainage system can be used. 

[0025] As a drainage system solvent usable as a dispersion medium of a filler, water is 
independent and also various hydrophilic organic solvents, such as ethylene glycol derivatives, 
such as low-grade fatty alcohol, such as a methanol, ethanol, isopropanol, n-butanol, and 
isobutanol, ethylene glycol, and ethylene glycol monobutyl ether, and these partially aromatic 
solvents are used, for example. As an approach of distributing the above-mentioned filler in a 
dispersion medium, a homogenizer, DISUPA, a paint shaker, a bead mill, etc. can be used, for 
example. 

[0026] In order to obtain the coating film which demonstrates sufficient abrasion resistance and 
lack of the filler from the front face by the blemish and wear of a coating film front face cannot 
generate easily even if put on the bottom of a severe friction condition while securing the 
transparency of the formed coating film as the above-mentioned filler, a thing with a primary 
[ an average of ] particle diameter of 10-50nm is desirable. 

[0027] The range of the weight ratio (B/A+C) of the (B) component of the above-mentioned 
coating constituent is 0.1-3.0 in solid content conversion to the silicone resin which consists of a 
polymerization object of the (C) component which the loadings of the (B) component show to 
the above-mentioned (A) component and the following. (B) When the abrasion resistance of the 
coating film etc. is not fully demonstrated as the weight ratio (B/A+C) of a component is less 
than 0.1, and the weight ratio of the above-mentioned (B) component exceeds 3.0, it is easy to 
produce a crack on the coating film, and there is a possibility that the film cannot be formed. 
[0028] The above-mentioned coating constituent makes an indispensable component three 
organic functions expressed with the above-mentioned general formula (2), or 2 
organic-functions alkoxysilane as a (C) component. R2 in a general formula (2) Even if the 
same as R in (1), you may differ and it is the alkyl group of carbon numbers 1-8. Moreover, m 
shows 0 or 1, m= 0 is 3 organic-functions alkoxysilane, and m= 1 is 2 organic-functions 
alkoxysilane. Rl in a general formula (2) It is CH2 OCHCH 20(CH2) 3. 

[0029] Above Rl As a thing of CH2 OCHCH 20(CH2) 3, the 



gamma-glycidoxypropyltrimetoxysilane expressed with the following structure expression (3), 
gamma-glycidoxy propyl methyldimethoxysilane expressed with the following structure 
expression (4) are mentioned, for example. 
[0030] 
[Formula 1] 

CH 2 -CHCH 2 0(CH 2 ) 3 Si(OCH 3 )3 (3) 



[0031] 
[Formula 2] 

CH 3 
I 

CH 2 -CHCH 2 0(CH 2 ) 3 Si(OCH 3 ) 2 (4) 
\ 
O 

[0032] The above-mentioned (C) components are solid content conversion, and its range of 1 - 
50 weight section is desirable to the total quantity 100 weight section of the (A) component, the 
(B) component, and the (C) component. When there are a water resisting property and a 
possibility that the water resisting property under a severe condition, such as putting especially 
to warm water for a long time, may fall that the range of the above-mentioned (C) component is 
under 1 weight section and the range of the above-mentioned (C) component exceeds 50 weight 
sections, there is a possibility that the degree of hardness of the coating film may fall. 
[0033] If the above-mentioned coating constituent contains the (C) component and it calcinates 
in the range of the temperature mentioned later, from the early stages of film production, the 
contact angle of water will fall and the formed coating film will discover the hydrophilic 
property that a front face becomes easy to get wet in water. 

[0034] Moreover, the above-mentioned coating constituent may contain a curing catalyst if 
needed, and a point to its acid catalyst which shortens film production time amount is desirable 
as this curing catalyst, as the above-mentioned acid catalyst, acid sol-like fillers, such as 
inorganic acids, such as organic acids, such as an acetic acid, a chloroacetic acid, a citric acid, a 
benzoic acid, a dimethyl malonic acid, formic acid, a propionic acid, a glutaric acid, a glycolic 
acid, a maleic acid, a malonic acid, toluenesulfonic acid, and oxalic acid, a hydrochloric acid, a 
nitric acid, and a halogenation silane, acid colloidal silica, and an acid titanium sol, etc. mention, 
for example - having - these - one sort - or two or more sorts can be used. 
[0035] The formation approach of the coating film of this invention paints the above-mentioned 
coating constituent to a base material, hardens burning temperature in 250-350 degrees C, and 
forms the film. 



[0036] Although the above-mentioned base material cannot ask inorganic and organic, but 
various base materials can be used for it and it is not limited especially, its base material of the 
point of employing efficiently the transparency of the coating film formed from the 
above-mentioned coating-material constituent to transparency is desirable. As a base material of 
transparency, a glass base material etc. is mentioned, for example. Since use of a glass base 
material can employ effectively the difficulty of getting damaged of high surface hardness, 
abrasion resistance, and a front face etc. in the above-mentioned coating film efficiently, it is 
desirable. As a glass base material, NATORUUMU glass, Pyrex glass, quartz glass, alkali free 
glass, etc. are mentioned, for example. 

[0037] Moreover, a glass base material may be the plate of these glass, its Plastic solid, or the 
construct that equipped the part with them. The mirror equipped with the reflecting layer is 
sufficient as the above-mentioned glass base material. In the case of this mirror, the paint film 
formed from the above-mentioned coating-material constituent is formed in the opposite side 
with the above-mentioned reflecting layer. If the above-mentioned paint film is formed in a 
mirror, the difficulty of getting damaged of surface hardness with a high paint film, abrasion 
resistance, and a front face is demonstrated, and it is effective. 

[0038] The method of painting the above-mentioned coating constituent to a base material can 
choose the various methods of application, such as brush coating, SUPUREKO-TO, immersion 
(it is also called DIPENGU and a DIPI coat), a roll coat, a flow coat, a curtain coat, a knife coat, 
a spin coat, and a bar coat. 

[0039] The formation approach of the above-mentioned coating film calcinates the painted 
coating constituent in a 250-350-degree C temperature requirement. By calcinating the 
above-mentioned coating constituent in the above-mentioned temperature requirement, from the 
early stages of film production, the contact angle of water falls and the formed coating film 
discovers the hydrophilic property that a front face becomes easy to get wet in water. Especially, 
the above-mentioned burning temperature has optimal about 300 degrees C. 
[0040] 

[Example] In order to check the effectiveness of this invention, the paint article for evaluation 
was produced and the evaluation trial was performed, among an example and the example of a 
comparison, as long as there are especially no notices, the section expresses the weight section 
and % expresses weight %. Moreover, by GPS (gel permeation chromatography), using 
HLC8020 of TOSOH CORP. as a measurement model, the molecular weight of the partial 
hydrolysis product of 4 organic-functions alkoxysilane created the standard polystyrene 
calibration curve, and measured it as the reduced property. The diameter of a primary particle of 
the filler of a silica was measured by TEM (transmission electron microscope). 
[0041] The coating-material constituent of each example was prepared, it applied after that 



using these coating-materials constituent, the coating film was formed, and below estimated the 
engine performance. 

[0042] (Example 1) The tetra-ethoxy silane 208 section was diluted with the methanol 356 
section, the water 18 section and the 0.1-N hydrochloric-acid 18 section were mixed further, and 
it stirred using DISUPA. The (A) component which is the partial hydrolysis product of 4 
organic-functions alkoxysilane was obtained by heating the obtained liquid in 60-degree-C 
thermostat for 2 hours, and preparing weight average molecular weight (Mw) to 950. 
[0043] Next, they are the 84.7 sections (weight ratio A/C of solid content is 1 by 
condensation-compound conversion) about gamma-glycidoxypropyltrimetoxysilane as a (C) 
component to this (A) component, (B) After the weight ratio of a filler / all silicone resin 
(condensation-compound conversion) blended the silica methanol sol (trade name: MA-ST, 
Nissan Chemical Industries, Ltd. make) with a particle size of 10-20nm at a rate of 0.8 by solid 
content conversion and carried out the polymerization reaction at 40 degrees C as a component 
for 1 hour, it diluted with the methanol so that total solids might become 5%, and the coating 
constituent was obtained. 

[0044] After painting this coating constituent by the spin coater coater on the front face of a 
glass base material, it calcinated at 250 degrees C for 30 minutes, and the coating film was 
formed, and the paint article for evaluation was obtained. In addition, the thickness of this 
coating film was 0.2-0.3 micrometers. 

[0045] (Example 2) In the example 1, except that the weight ratio of a filler / all silicone resin 
(condensation-compound conversion) blended the silica sol (trade name: MA-ST-M, Nissan 
Chemical Industries, Ltd. make) with a particle size of 20-30nm at a rate of 0.8 by solid content 
conversion as a (B) component, the coating constituent was obtained like the example 1. 
[0046] After painting this coating constituent by the spin coater coater on the front face of a 
glass base material, it calcinated at 300 degrees C for 30 minutes, and the coating film was 
formed, and the paint article for evaluation was obtained. In addition, the thickness of this 
coating film was 0.2-0.3 micrometers. 

[0047] (Example 3) In the example 1, the coating constituent was obtained like the example 1 
except having blended the 80.3 sections (weight ratio A/C of solid content being 1 by 
condensation-compound conversion) for gamma-glycidoxy propyl methyldimethoxysilane as a 
(C) component. Using this coating constituent, like the example 1, the coating film was formed 
and the paint article for evaluation was obtained. 

[0048] (Example 4) In the example 1, except that the weight ratio of a filler / all silicone resin 
(condensation-compound conversion) blended the titanium oxide hydrosol (solid content of 
25%, first [ an average of ] particle diameter of 20nm) which is an optical semi-conductor as a 
(B) component at a rate of 0.8 by solid content conversion, the coating constituent was obtained 



like the example 1. Using this coating constituent, like the example 1, the coating film was 
formed and the paint article for evaluation was obtained. 

[0049] (Example 5) In the example 1, the coating constituent was obtained like the example 1 
except having blended the 16.94 sections (weight ratio A/C of solid content being 5 by 
condensation-compound conversion) for gamma-glycidoxypropyltrimetoxysilane as a (C) 
component. Using this coating constituent, like the example 1, the coating film was formed and 
the paint article for evaluation was obtained. 

[0050] (Example 6) In the example 1, the coating constituent was obtained like the example 1 
except having blended the 847 sections (weight ratio A/C of solid content being 0.1 by 
condensation-compound conversion) for gamma-glycidoxypropyltrimetoxysilane as a (C) 
component. Using this coating constituent, like the example 1, the coating film was formed and 
the paint article for evaluation was obtained. 

[0051] (Example 7) In the example 1, except that the weight ratio of a filler / all silicone resin 
(condensation-compound conversion) blended the silica methanol sol (trade name: MA-ST, 
Nissan Chemical Industries, Ltd. make) with a particle size of 10-20nm at a rate of 0.1 by solid 
content conversion as a (B) component, the coating constituent was obtained like the example 1. 
Using this coating constituent, like the example 1, the coating film was formed and the paint 
article for evaluation was obtained. 

[0052] (Example 8) In the example 1, except that the weight ratio of a filler / all silicone resin 
(condensation-compound conversion) blended the silica methanol sol (trade name: MA-ST, 
Nissan Chemical Industries, Ltd. make) with a particle size of 10-20nm at a rate of 3.0 by solid 
content conversion as a (B) component, the coating constituent was obtained like the example 1. 
Using this coating constituent, like the example 1, the coating film was formed and the paint 
article for evaluation was obtained. 

[0053] (Example 9) The coating constituent was obtained like the example 1. Except having 
calcinated this coating constituent at 300 degrees C for 30 minutes, like the example 1, the 
coating film was formed and the paint article for evaluation was obtained. 

[0054] (Example 10) The coating constituent was obtained like the example 1. Except having 
calcinated this coating constituent at 350 degrees C for 30 minutes, like the example 1, the 
coating film was formed and the paint article for evaluation was obtained. 

[0055] (Example 11) In the example 1, the coating constituent was obtained like the example 1 
except having blended the 8.47 sections (weight ratio A/C of solid content being 10 by 
condensation-compound conversion) for gamma-glycidoxypropyltrimetoxysilane as a (C) 
component. Using this coating constituent, like the example 1, the coating film was formed and 
the paint article for evaluation was obtained. 

[0056] (Example 1 of a comparison) The coating constituent was obtained like the example 1. 



Except having calcinated this coating constituent at 200 degrees C for 30 minutes, like the 

example 1, the coating film was formed and the paint article for evaluation was obtained. 

[0057] (Example 2 of a comparison) The coating constituent was obtained like the example 1. 

Except having calcinated this coating constituent at 400 degrees C for 30 minutes, like the 

example 1, the coating film was formed and the paint article for evaluation was obtained. 

[0058] (Example 3 of a comparison) In the example 1, the coating constituent was obtained like 

the example 1 except having carried out 83.1 section (weight ratio A/C of solid content being 1 

by condensation-compound conversion) combination of the gamma-methacryloxpropyl 

trimethoxy silane expressed with the following structure expression (5) to alkoxysilane instead 

of the (C) component. Using this coating constituent, like the example 1, the coating film was 

formed and the paint article for evaluation was obtained. 

[0059] 

[Formula 3] 
CH 3 

CH 2 =C-C-0(CH 2 ) 3 Si(OCH 3 ) 3 (5) 
II 

O 

[0060] (Example 4 of a comparison) The coating constituent which does not contain the (C) 
component was produced. The (A) component was obtained like the example 1. Next, after the 
weight ratio of a filler / all silicone resin (condensation-compound conversion) blended the 
silica methanol sol (trade name: MA-ST, Nissan Chemical Industries, Ltd. make) with a particle 
size of 10-20nm at a rate of 0.8 by solid content conversion and made this (A) component it 
carry out a polymerization reaction at 40 degrees C as a (B) component for 1 hour, it diluted 
with the methanol for it so that total solids might become 5%, and the coating constituent was 
obtained for it. Using this coating constituent, like the example 1, the coating film was formed 
and the paint article for evaluation was obtained. 

[0061] (Example 5 of a comparison) In the example 1, except that the weight ratio of a filler / 
all silicone resin (condensation-compound conversion) blended the silica methanol sol (trade 
name: MA-ST, Nissan Chemical Industries, Ltd. make) with a particle size of 10-20nm at a rate 
of 0.05 by solid content conversion as a (B) component, the coating constituent was obtained 
like the example 1. Using this coating constituent, like the example 1, the coating film was 
formed and the paint article for evaluation was obtained. 

[0062] (Example 6 of a comparison) In the example 1, except that the weight ratio of a filler / 
all silicone resin (condensation-compound conversion) blended the silica methanol sol (trade 
name: MA-ST, Nissan Chemical Industries, Ltd. make) with a particle size of 10-20nm at a rate 
of 5.0 by solid content conversion as a (B) component, the coating constituent was obtained like 



the example 1. Although it calcinated at 250 degrees C for 30 minutes after painting this coating 
constituent by the spin coater coater on the front face of a glass base material, the film had many 
cracks and they were not able to form it. 
[0063] (Performance evaluation of a paint film) 

(Warm water trial) After being immersed for 10 hours into 60-degree C ion exchange water (0.2 
or less second/cm), it is left for 1 hour for an air drying. Then, the paint film front face was 
ground against the cheesecloth 4 to 5 times, and the paint film front face was observed with the 
optical microscope. For what is not [ blemish ] in a front face, O and a blemish are 2 1cm. x 
estimated that in which the things of a-several hit occurred frequently and ** and a blemish 
exfoliated. _ 

[0064] (Abrasion resistance) The abrasion test was performed by contacting a canvas cloth to 
the paint film side of a paint article, and carrying out both-way sliding (load 50 g/cm2 or 100 
g/cm2, stroke 60mm) 500 times using a traverse type abrasion testing machine. After this 
abrasion test, the generating degree of the blemish of the front face of a paint film was observed 
with the optical microscope. For what is not [ blemish ] in a front face, O and a blemish are 2 
lcm. x estimated that in which the things of a-several hit occurred frequently and ** and a 
blemish exfoliated. 

[0065] (Contact angle of the water in early stages of film production) After 0.2 cc distilled water 
was dropped on the surface of the film immediately after film production, it carried out by 
observing with an expansion camera. 
[0066] 
[Table 1] 

[0067] (Result) An evaluation result is shown in Table 1. Each example had the contact angle of 
the early stages of film production to water as good as 20 or less degrees. Moreover, warm 
water-proof nature and abrasion resistance compare with the example of a comparison, and each 
example is good ******. When an example 1, the example 9, the example 10, the example 1 of 
a comparison, and the example 2 of a comparison were compared, the example of a comparison 
had the large contact angle of water to each example whose burning temperature is 250-350 
degrees C having the good contact angle of the early stages of film production to water. 
Moreover, the example 3 of a comparison using alkoxysilane other than the (C) component had 
the large contact angle of the water in early stages of film production. Moreover, the crack 
occurred on the film and the example 6 of a comparison was not able to measure other 
properties. 
[0068] 

[Effect of the Invention] The formation approach of the coating film according to claim 1 to 4 is 



excellent in a water resisting property, and even if put on the bottom of a severe condition, such 
as putting to warm water, it can obtain the coating film which demonstrates sufficient abrasion 
resistance, while demonstrating a hydrophilic property from the time of film production. 
[0069] Since the hydrophilic property by photocatalyst operation will be demonstrated if a 
certain amount of time amount passes since film production under the environment where 
ultraviolet rays are irradiated, especially the formation approach of the coating film according to 
claim 3 can form the coating film which demonstrates a hydrophilic property over a long period 
of time. 
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